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1. Introduction

The vastness of the oceans, the largest continuous environment on earth, has provided a safe 

shelter for about 20% of all living organisms until the beginning of industrial revolution. 

Since then, this once invincible environment has been under constant change and destruc-

tion, the results of which now are threatening all life forms on earth. With this rate of destruc-

tion, we are possibly losing our window of opportunity to protect aquatic biodiversity and 

learn how aquatic organisms evolved to find ways for adapting life in water. Marine Ecology, 
in its simplest terms the study of marine organisms and their habitats, continues to provide 

fundamental information to better understand the effects of global changes on eco-biology 
of organisms.

In many cases, marine ecology is more intricate than the relatively simple study of a spe-

cific living organism or its environment due to various intra and inter specific interactions 
between other organisms and due to effects of numerous factors on a particular environment. 
Therefore, marine ecologists rather than concentrating on a single species, organism or habi-

tat, often find themselves simultaneously focusing on interactions between organisms and 
the effects of environmental factors on these organisms. During the last decades, the complex 
nature of these interactions is being exacerbated due to the changes induced by a variety of 
factors such as increased ocean temperatures, dramatic changes in weather patterns, ocean 
acidification, melting of glaciers, and pollution. The effects of these man-made factors are 
occurring in a relatively shorter time scale and in many cases are beyond the capacity of 

organisms to adapt to these deviations. Throughout the world, new conditions are often 

manifesting themselves as loss of biodiversity accompanied with other major changes such 

as shifts in distributions of many species toward higher latitudes and changes in timing of 

life cycle events.
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One of the most important factors that influence life in the oceans is temperature. Temperature 
affects the rate biological processes proceed. In general, the metabolic rate of poikilotherms 
doubles with a 10°C increase in temperature. However, much less temperature differences are 
enough to trigger changes in weather patterns that have worldwide effects. Global mean tem-

peratures are now 0.50°C higher than it was since 1960s [1]. A typical example of increased 
global temperatures is the El Niño phenomenon that occurs periodically over the Pacific 
Ocean and characterized by increased temperatures of surface waters. It is well established 

that increased water temperatures results in weakened currents and less rain in the Southern 
Ocean which in turn, results in dramatic changes in physicochemical and biological condi-

tions. Fluctuation in nutrient concentrations is the most notable factor that altered circulation 

pattern effects. Such interruptions of nutrient fluxes have important consequences on the 
primary production which in turn affect fish stocks. The relationship between fluctuations in 
the abundance of anchovy in the Southeast Pacific Ocean [2] and the periodicity of El Niño 
has been established. The fluctuations in the abundance of these commercial fish stocks have 
important socioeconomic consequences due to enormous yields which fluctuated between  
3 and 8 million tons during the last decade [3].

Another important parameter that influences life in the ocean is CO
2
 levels in the atmosphere. 

As a result of global industrialization, CO
2
 levels have increased over the last 100 years. 

Higher CO
2
 levels in the atmosphere forces this gas into the surface waters which results 

in lower pH values. As a result, the mean pH value of the earth’s oceans has fallen by 0.10 

pH units [4]. Insignificant as it may seem, this drop corresponds roughly to 30% increase 
in the concentration of hydrogen ions. Organisms such as corals, bivalves, and calcareous 

plankton are susceptible to reduced pH levels as acidic conditions dissolve calcium carbonate. 
Therefore, the disruption of the calcification process may have serious consequences due to its 
potential to negatively affected calcareous species in the food web.

Another important factor that is becoming increasingly influential on all life on earth is the 
increasing rate of melting of ice in polar regions. The melting of ice causes a series of events 

including, sea level rise, freshening of seawater, and reduction in the speeds of major current 

systems in the oceans. While sea level rise will have catastrophic effects mainly for human 
habitation in coastal areas, freshening of seawater and its effect on currents will potentially 
affect all life forms due to the changes in global climate.

Although the effects of individual stressors are relatively well studied, there are limited 
data on compounded effects of multiple stressors [5]. Stressors such as temperature, 

salinity, UV, hypoxia, acidification, and pollution may be simultaneously experienced by 
marine organisms, especially in coastal areas. In many cases, organisms exposed to multi-
ple stressors exhibit reduced resistance. For example, many coral reefs are simultaneously 
suffering from increasing temperatures, acidification, diseases, and silting [6]. Toxicity of 
pollutants has been shown to increase salinity or temperature stress [7]. This is particularly 

important because even if strict fisheries regulations become effective for a particular over-

exploited area in a heavily modified coastal system, expected recovery of stocks may not 
be possible due to increased vulnerability of early life stages to multiple stressors relative 

to juvenile or adult stages.
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While it is relatively easier to observe the effects of altered physicochemical conditions over 
larger scales, the effects of pollution and over exploitation are relatively easier to observe in 
smaller scales. A typical example is the Black Sea which is closed basins with limited water 
exchange rates and relatively smaller surface areas. Between the period 1950 and 1970, the 
Turkish Black Sea fishery was characterized by larger predators such as tuna, swordfish, 
and bonito. Following a decrease in top predators as a result of increased fishing pressure, 
industrial fishing operations concentrated on small pelagic fish species such as anchovy and 
sardine. Therefore, after 1970s, there was a major shift in commercial fishing operations [8]. 

Due to the developments in industrial fishing methods, a steady increase was observed until 
late 1980s with a maximum of 600,000 tons in 1988. This increase in fish productivity was 
correlated with a 10-fold increase in phytoplankton biomass in the 1980s compared to that 
of 2–3 g m−2 in 1960s [8]. This dramatic increase was due to increased inputs of agricultural 

nitrates and phosphates into the Black Sea through rivers and the subsequent mixing of these 
nutrients in the water column. As a result of this enrichment, primary production was able to 

support—despite increased fishing pressure—high yields of small pelagic fishes for almost 
a decade before a major collapse observed after late 1980s. For example, in 1990, anchovy 
landings were only 66,000 tons, which was less than ¼ of that in 1988. This collapse in small 

pelagic fisheries was also experienced by other nations bordering the Black Sea and as a 
result, total landings dropped down to 200 thousand tons in 1991, compared to that of 900 

thousand tons in 1988. It is believed that overexploitation was not the only factor for the 
simultaneous collapse in small pelagic fish stocks experienced throughout the Black Sea. The 
lobate ctenophore, Mnemiopsis leidyi A. Agassiz, 1865, which was reported for the first time in 
the Black Sea in 1982, had reached a biomass of up to 1 kg m−3 by the end of 1980s [9]. Its broad 

tolerance to a variety of physicochemical conditions, rapid growth and voracious appetite for 

zooplankton, fish eggs, and larvae has contributed significantly to the collapse of Black Sea 
fisheries. After 1990s, although reductions in concentrations of agricultural nutrients in the 
Black Sea and the introduction of Beroe ovata Mayer, 1912, the pink comb jellyfish that feeds 
on M. leidyi tipped the balance in favor of recovery of small pelagic fish stocks, we are still 
miles away from the point of sustainable management of fisheries in the Black Sea. Yet, even 
over a relatively smaller scale and with no diverse multinational management strategies that 

can limit the success of management programs, fisheries in the Sea of Marmara is almost an 
identical episode of what was experienced in the Black Sea. For example, a comparison of 
catch rates in 1990 and 2015 showed a 1.50- to 130-fold decrease in all reported demersal spe-

cies [10] as a result of eutrophic conditions as indicated by increased periodicity and intensity 

of phytoplankton blooms [11–14], introduction of M. leidyi in early 1990s [15], continuous 

heavy fishing pressure and lack of effective management strategies. Recovery efforts for these 
two interconnected ecosystems will require a multidisciplinary approach to rebuild fishery 
resources. Unfortunately, decreasing fish stocks is not only an issue of semi-closed basins 
with highly populated areas. It is estimated that globally up to 63% of fish stocks are in need 
of rebuilding [16] and efforts toward rebuilding diversity will meet major challenges consid-

ering human-induced and global-scale impacts.

This book includes contributions from a variety of ecosystems around the world and pres-

ents comprehensive information on the present or recent status of a diverse group of marine 
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organisms including primary producers, zooplanktons, shellfish, crustaceans, and fishes. The 
valuable information gathered from researchers all around the world will not only explain 
the current status of these organisms and the environment in which they thrive but it will also 

provide a reference for future studies to help compare how predicted or unpredicted changes 

will affect these organisms in coming years.
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